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axisting POTW. The evaluator sheuld continuously be
asking "How does this affect plant performance?” If
the area of inquiry is directly related to plant
performanca, such as a clarifier design or an
administrative policy to cut electrical costs to an
unreasonable level, the evaluator should spend
sufficiant time and effort to fully undarstand and define
the effect on plant performance. f the area of inguiry
is not directly related to plant performance, such as
the appearance of the grounds, the condition should
be noted and efforts directed toward areas that
specifically impact performance.

Complation of Form D-3 requires that valuss be
salected to represent current plant hydraulic and
BODs vadings. Typically, data for the most recent 12
months are used.

2.3.3 Evaluation of Major Unit Processes

Early in the on-site activities, an evaluation of the
POTW's major unit processes is conducted to
detarmine the performance potential of existing
tacilities at current loadings (ie., define the facility as
Type 1, 2, or 3 as describad in Section 2.2). The
three unit processes whose capabilities most
frequently affect biological wastewater freatment plant
perdormance are: the serator, the sacondary clarifier,
and the sludge handing system (1,15,1E).

A point system is used to quantify the evaluation of
these three basic unit processes. Key leading and
process parameters are calculated and resulis for
each parameter assigned points by comparison with
standard tables. Subsequently, esach of the thres
major unit processes receives a total score by adding
together the value of the points assigned the loading
and process parameters. The totals are then
compared with standards to assess whather a Type 1,
2, or 3 capability is indicated for that unit process (sse
Figura 2-1). The cverall plant type ls determined by
the “weakest link” among the thiee major process
arsas, t must be remembered in using this point
system that this simplification can prowvide valuable
assistance but cannot replace the owverall judgment
and experience of the evaluator.

2.3.3.1 Suspended Growth Major Unit Processes
Suspended growth faciliies include those plants using
varialions of the activated sludge process. The thres
significant unit processes within thesa types of
facilities that determine capacity and performance are
the aeration basin, secondary clarifier, and sludoe
handling system.

a. Aeration Basin

Parameters that are used for scoring the capability of
an aeration basin are: hydraulic detention time, BODg
loading, and oxygen availability. The point system for
scoring these parameters is presented in Table 2-2.
To oblaln the necessary parameters, information bs
required on wastewater fiow to the aeration basin,
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aeration basin BODy loading, aeration basin ligquid
volume, and oxygen transfer capacity.

Tabde 2-2.  Parameters for Scoring Capability of Asration
Basing in Suspended Growth POTWs"

Current Operaling Candition Points Pairls
Hydrawlic Datantion Time, hr
24 10 rmax)
10 &
5 >
3 Sl
BODy Loading, kgim3id
(IWd1,000 cu fi:
0.24 {15) 0 (ma}
0.4 (28) -3
OLBD {50k a
1.26 {80} L I
Oypgan Awaitabdity, kg Oskg w nifrification  wJo nilrifcation
BODy applied:
an 10 [rma. ) A0 {mes.p
18 5 10 )
12 a .1
1.0 | B 1]
08 _a -5
05 _-in 19

* Inerpolale o nedndst whols number betwesn loadings lisled.

Owygen transfer capacity is usually the most difficult
information to obtain if the original engineering data
are not available or if there is some reason to
question the original design data based on current
conditions. Generally, the evaluation proceeds by
using availabls data on oxygen fransfer capacity and
assuming it is correct unless the transfer capacity
appears to be marginal. § oxygen transfer capacity
appaars marginal, further investigation is 'warranted.
Any of the following conditions would lead an
evaluator to suspect marginal oxygen fransfer:

& Difficulty in maintaining minimum desired dissolved
axygen concentrations in the asration basin

* Continsous operation of all blowers or all aerators
sot at high speed

* Dasign data showing less than 1.2 kg oxyoen
transfer capacity per kg actual BODg load

If design oxygen tramsfer numbers are unavailable or
are believed suspect, oxygen transfer rates presented
in Table 2-3 can be used to estimate moygen transfer
capacilies,

Typically, the oxygen transfer efficiency (percent) s
used when evelpating different diffused air systermns,
and oxygen. transfer rate” (b Oshp-hr) is used whean
evaluating surface mechanical aerators. The
evaluation of both diffused air and surface mechanical
asrators is described in more detail below.

http://www.epa.gov/cgi-bin/clprint?Range=Pages& StartPage=1&EndPage=302&Res=72...

10/31/2003



CLARIT Web Print: 625689020 Handbook: Retrofitting POTWs

Tabla 2-3. Typlcal Clean Water Standard Oxygen Transfer
Valuas
Crooygen Oygen
Transfar Transfar
_Systam Efficiancys Rahat
percant Ibfwiing: hp=he
Fing bubble difusers, total Soor 28-32 B.0-B.5
COVBIBQE
Fina bubble diffusars, sida wall 18-20 3.5-4.5
mstalalion
Jat garators (re bubiie) 1825 3.0-38
Slabe apraloes (medum-gsize 1012 23-28
bubbla)
Machanical surface sérators - 25-3.5
Coarse bubble diffusars wide band B-12 2.0-3.0
patam
Coersa bubble diffusers, narow 8-8 1.5-2.0
band pattann

®at 15 fged submangance.
B |whp-he = 0081 kpkW-hr

Whan evaluating oxygen transfer capability of diffused
asration systams it is necessary to assess the
capacity of the seration blowers and the standard
transfar efficiency of the diffusers. This information is
often available from O&M manuals, specifications, and
manufacturers lterature, I questionable information is
available, typical values for various syslems are
shown in Table 2-3. The blower capacity and diffuser
transfer efficioncy can then be utiized to detarming
the amount of oxygen (lbid) that can be transteraed
into the wastewater by the existing asration system.

To datermine the aeration systern oxygen transfer n
lbfday, the diffuser standard transfer efficiency or
standard oxygen transfer rate at standerd conditions
(14.7 psia, 20°C, and clean water) must be convertad
to transfer efficiency at actual site conditions ncluding
adjustments for site elevation, wastewater tempera-
ture, and wastewater characteristics. The procedure
to corwert standard owxygen transfer rates to actual
oxygen fransfer rates is prasented in Appendix E.

In addition, blower capacity must be determined in
stendard cubic feet per minute (SCFM) to determine
the mass of airfoxygen that the blowers are capable of
discharging. Thera is not a standard method of
presenting blower output. Some manufacturers
provide the blower rating in standard cubic feet per
minute (SCFM), which is a term that describes airflow
at standard conditions of 14.7 psia and 20°C. k is
noted that different air temperatures, such as 70*F,
are used by other manufacturars to describe standard
conditions. Also, the blower output rating is often
presented in terms of ICFM (inlet cfm) or ACFM
{actual cfm), which is CFM at site conditions., ICFM,
ACFM, or SCFM at standard conditions other than the
gonditions chosen for the evaluation must be
comvarted to SCFM. The procedure to convert FOFM
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or ACFM to SCFM for the standard condition of 14.7
pata, 20°C and clean water, is presented in Appendix
E.

Utilization of the procedures presented in Appendix E
to calculate the oxygen transfer capability of a diffusad
air systemn s shown in the following example.

In Plant A there are four centrifugal blowears, each with
a capacity of 1,660 acfm. Three are utilizad, with one
as standby. The standard oxygen transfer efficiency
(SOTE) or efficiancy of the coarsa bubble diffusers is
12 percent al 16-ft water depth basad on
manufacturer's data, Plant A is located at 2,750 feat
ahove sea level.

1. SOTE = 12 parcent to AOT i

gc_ -
AOTE:{S!)TE]-:[+—CLI

Wheara,

ADTE = actual oxygen transfer efficiency at site
conditions, parcant.

SOTE = standard oxygen transfer efficiency at
standard conditions in clean water, parcent.

= (.85 for coarse bubble diffuser, from Table
E-1.

= (1.95 for domastic wastewalar,

= 1.024

=917 mg/ll oceygen saturation at standard
temperature and prassure,

= Cyg7 (FN4.7), mgiL

Agsume maximum summear wastewater
lemparature = 25°C at Plant A, From Table
E-2, Cy47=8.38 mg/L @ 25°C. From Figura
E-1, F=13.25 psia @ 2,750 ft above mean
saa level. A potential depth correction can be
applied 1o this term, as noted in Appendic E.
However, to be more conservative in the
evaluation, utilize atmaospharic pressure:

Cgy = 838 [13.2514.7) = 7.55 mg/lL
2.0 mg/l (mixed liqguor DO concentration}

Co
AOTE = {{0.12)(0.85) [{0.95M7 55)-2] 10242520} 49,17
AOTE =6.5 percent
2. Convert blower output of 1,550 acfm o scfim:
acfm = scfm (To/TePyPu)

Whara,

acfm = 1,550 cfm.
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Ta = 100°F +4B80°F = S60°R (temperature at
which manufacturer rated blowers).
Tz = B8°F +480°F = 528°H (standard
temparature).
P; = 14,7 psia (standard pressura).
Py = 13.256 psia (pressure @ 2,760 ft above mean

sea laval).
scfm = [1,560) (52&8/560) (13.26M4.7) = 1,317 cfm
3. Calculate |b O-/d from 3 blowers using diffuser

actual owygen ransfer efficiency of 6.5 percent and
l&y apac 1,917 cfm:

Peak air flow = 3 x 1,317 = 3,951 scfm

Ib Od

{scfm)(1,440 min/d}{23.2 Ib 0100 Ib air)
x (0.075 Ib airfcu ft air)(AOTE)

(3,857)(1.440)(23.2100){0.075)(5.5)
= G435 bd

4. Therefore, 3 blowers @ 1,317 cfm each will
r : L Cam transfer

capability with the BODs loading applied o detarmine
the b O=1b BODs that the diffused air system can

provide.

When evaluating the oxygen transfer capabdity of a
surface mechanical asration systemn, the power usage
af the motor (whp) and the oxygen transfer rate of the
asrator (Ib Oawhp-hr} must be detarmined. Varous
techniques for estimating motor power usage based
on actual power measurements are presentad in
Appendix F. If power measuring aquipment is not
available, wire horsepower may be estimated by
assuming the motor is 80 percent efficient and the
surface mechanical asrator gear box is 85 percent
efficiant. Using thess estimates, the evaluator may
agsumea that 75 (sppropriately 0.9 = 0.88) parcent of
the motor horsepower (mhp) is being converted to
oxygen twansfer emergy, or wire horsepower. For
examphe, i a surface mechanical aerator motor is
rated at 50 mhp, the wire horsepower could be
estimated to be 0.75 x 50 = 37.5 whp. Actual power
measuraments shoukd be taken if the oxygen transfer
capability of the system determined by estimating wire
horsepower appears inadequata.

The asrator oxygen transler rate may be determined
from the Q&M manual, specifications, and esguiprment
rmanufacturer's litaratura. If questionable information is
available, a typical value for surface mechanical
aeration systems can be found m Table 2-3. The
standard oxygen transfer rate (SOTR) is typically
provided and this must be converted to the actueal
oxygen transfer rate (ADTR) as shown in Appendix E,
UHilization of the proceduras presentad in Appendicas
E and F to determine actual oxygen transfer rate and
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moelor wire horsepower are presented in the following
exampla.

In Plant B there are wo 50-hp surface mechanical
aerators. Both units are uiilized. The S0OTR is 3 b
Ooiwhp-hr based on manufacturer's data. Plant B is
located at 2,750 ft above gea lavel,

1. Convert SOTH = 3 Ib Os/whp-hr to AQTR wsing

pc —c
AOGTR = (SOTR)a l ;E—Ll pT—2

Where,
AQTR = actual oxygen transfer rate at site
conditions, percent.
S0TR = standard cuygen branster rate at standard
conditions in clean water, percent,

a = 0.90 for surface machanical aerator, from
Tabla E-1.

B = (.95 for domestic wastewater.

) = 1.024

Cs =847 mg'lL oxygen saturation at standard
temperature and pressure.

C-gq- = C1¢.7 {Pl’14.?:|. mgfL

Assume maximum summer wastewater
temperature = 25°C at Plant B. From Table
E-2, Cqi47=8.38 mg/L @ 25°C. From Figure
E-1, P=13.25 psia @ 2,750 feat above mean
sea level.
Cgy = B.38 [13.26M14.7) = 7.56 mg/L
Cp = 2.0 mgL {mixed kguor DO concentration)
AQTR = [(3)(0.9) [(0.95)(7.55)-2] 1.0242520} + 917

AOTR =1.7 Ib Ozwhp-hr

2. Determing surface mechanical motor power usage:

a. Determine whp of motor based on the assumplion
that whp is 75 percent of mhp.

whp = 0.75 (50 mhp) = 37.5 whp
b. Determine whp based on actual power
measurements and assumption that power factor is
0.80, as shown in Appendix F.
Voltage measurament = 480 volis
Amperage measurement = 37.4 amps

KVA = (W) (A) (3)1/2 + 1,000 (3-phase powar)
= (480) (37.4) (3)V2 +1,000 = 31.1kW
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KW = kVA x PF = 31.1 (0.9) = 28 kW
whp = KW +0.746 = 28+ 0.746 = 37.5 hp
Total whp = 2 motors x 37.5 whp = 75 whp

3. Detarming oixygen transferred based on AOTH and
whp:

O transfer .7 I Oafwhp-hr) (75 whp) (24 heid)

= 3,080 b Ou/d

4. Compara the en_transfer rate wi

B a d loading to determing the b O BOD-
that the surface rnechanical aeration system can
provida,

Once data are available on wastewater flows, BODg of
influent to the aeralion basin, aeration basin volumes,
and oxygen transfer capacity, the following
calculations should be complated by the evaluator

Agrator Hydraulic Detention Time =
Aeraton Basin Vol. + Peak Month ADWF

Paak month average daily waslewater flow is
typically for the most recent 12 months, Peak
month flow is used to ensure that the aarator is
capable of mesting monthly average effluent
requirements.

BODs Loading =
BODs Applied Loading + Aeration Basin Volume

BODs loading is typically the daily everage value for
the most recent 12 months. Peak value is not used
since aerator capability is not as sensitive to
"normal” BODg loading variations.

Cxygen Availabiity =
Owygen Transfer Capacity+B0ODg Appliad
Loading

Whan tha above calculations have been complated far
the subject POTW, the results are compared to the
values given in Table 2-2 and appropriate points ara
assigned each parameter. If the parameters for the
subject POTW fall between the wvalues listed,
interpolation Iz used to assign appropriate points.

b, Secondary Clarifers

Paramaters that are used for scoring the capability of
suspanded growth secondary clarifiers are:
configuration, surface overflow rate (S0R), depth,
return sludge ramoval mechanism, and return sludge
control. The scoring systern for these parameters is
presented in Table 2-4.

The configuration score is applied to assist in
asgesging thosa clarifiers that have diminished

16
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Table 2-4.  Paramaters for Sooring Capabdlity of Clarifiors
In Suspended Growth POTWs

Gurrant Opereting Gondition Points

Configuration
Circular with “donma® or ntanior launders
Clrcular with weirs on walls
Rectangular with 33% covarad with launders
Reactangular with 207% covarad with launders
Ractangular with laundar at or raar end =1

Surfaca Ovarliow Rata, m3¥mEsd (gpdisq iT:
12 (300)
20 (550)49 (1,200)
27 (650)
33 (800)
41 (1,000)
48 (1,200)

Dapth at Welrs, m (fi
#.8 (15)
A7 (13)
3.4 (1)
24 (8)
21 (7}

Rotuem Sludge Resmoval:
Crircdar, ragpid withdraseal 1
Cirgular, scraper o hoppar
Reclangular, cosurment sorapér
Reaciangular, counierournent soraper
No mechanical ramoval

Rebumn Activered Sludge Contral:

Aghsal RAS fiow range completely within
typical RAS fiow ranges capability 10 measurs
RAS fow

Actual RAS fiow range completely within
typical RAS fow range; no capabiity to
maamure RAS flow

80% af typical RAS faw range covared
by actusl RAS Biow range; capabiity i measure
RAS flaw

BO% aof typical RAS flow range cosared
by ackuzi RAS flow rangs; no capabiity 1
measurs RAS llow

Actusl RAS flow range complately outside
ypical RAS fiow range

10
L]
5
o
]

15
1m0
5

o
-10
-18

capabilites due to poor welr locations or poor surface
devalopment with weirs, For axample, a clarifier 15-m
long and 3-m wide (total surface area of 45 me) with a
two-sided 1-m wide weair located 1 m from the and is
judged to have 9 m2 of launder coverage [{3 m wida)
® {1 m+1m+1m)], or only 20 percent of the surface
area developed. This clarifier's score would be low
becausa of tha configuration.

Surface overflow rate is calculated independently of
the configuration evaluation and is based on the iotal
clarifier surface area, as follows:

S0OR = Wastawater Flow from the Clarifier
+ Clarifier Surface Area

Typically, the peak month daily average wastowater
flow for the most recent 12 months is used to
calculate SOR. Peak flow is used to ensure that
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clarifier is capable of meeting monthly average
afffuent requiremeants.

Mote: If diurnal flow variations are greater than 2:1
(peak daily flow:daily average flow) the points for SOR
must be adjusted to lower wvalues. Conversaly, it a
clarifier is loaded at a relatively congtant rate due to
the availability of flow equalization, the points for SOR
can be adjusted upward. It must be remembeared that
the assessment is not a design evaluation but an
assassment of whether the clarfier can be made to
perform under the desired conditions. In POTWs
where special allowance has been made for high
infiltrationinflow, such as parmitted bypassing above a
certain flow, the flow at which secondary treatment is
required should be used.

Depth and retum sludge removal scoras are derived
by comparing existing faciliies with the conditions
ghown in Table 2-4. Evaluation of return activated
sludge contral is based on the ability o control the
return flow rate within the typical range for the
particular type of activated sludge plant, Typical
ranges for retum activated sludge pumping rates are
presented in Table 2-5.

Tabile 2-5. Typical Ranges for Peturn Adtivated Sludge
Pumping Capacities

Process Typa Relurn Activated Sludge
% of average daily
wsigwatar flow
Cormanional A, 8. and Acthated Bao- 28-100
fmers (plug Now or somplebs M)
Exiendad Agration S0-100
(including cxidation daches)
Contact Stabdllzaton 50-128
. Sludge Handing Capabiiity o
The capability of sludge handling facilities associated

with an activated sludge plant is scored by the
controllability of the wasting process and the capability
of the available sludge treatment and ultimate dispasal
taciliies. Scoring for sludge handling capability iz not
straightforward because existing facilities cannot be
easily assessed due to the variability that exists in
design and operational "standards® for unit process
capability. To evaluate the sludge handling capabiity,
the evaluator must first calculate expected sludge
production based on current loadings to the
wastewater traatment processas. The evalustor then
assesses the capability of the existing sludge facilities
to handle the expacted sludge production.

The criteria and point system for evaluating sludge
handling capability are presented in Table 2-6. As
indicated by the lower points allocated, controllability
i& much less important than capacity.
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Table 2-8.  Criteria for Scoring Shedge Handling Capability
for Suspended Growth POTWs

Courrent Oparating Condition

Cantrollability:
Automaied sampling and volume controd
Mederad voluma and hand sampling
Hand messuned wolums and hand sampling
Sampling o volurme messurement by hand not

practical

Crapabiity:
150% ol calcudated sludgs producton
126% ol cakcidated shadge producton
100% of calouated sludgs producion
T5% of calcufated sludps production
50% of calcuated shudpe roduction

Poirts

(=25

Bonnm

Controflability of the wasting process is indicated by
the type of waste sludge wolumea measurement and
the type of waste sludge sampling available. The
optimum control for an activated  sludge wasting
system includes automatic wveolume control and
autormatic sampling. A positive displacemant pump
and automatic semplar, both controlled by an accurate
and precise clock, is an example of this type of
control.

Maost small activated sludge plants can manually
measure a wasted volume (depth increase in holding
tank or digester, or the nuember of tank trucks filled)
and manually sample (from a tap or the open and of
the waste sludge line). Most largar plants have flow
measuring and totaling devices on waste sludge lines.

Capability of existing sludge handling facilities s
evaluated using the lollowing procedures:;

® Determine curent plant loadings and calculate
axpected sludge production.

Establish capability of existing sludge handling unit
pProCesses.

Determine percentage of the expected sludge
production each unit process can handla.

Mentify tha "weakest link™ process as the owerall
capability of the existing sludge handling facilities
and compare to scorng values in Table 2-6.

-
-

Expected sludge production is calculated using
current BODg loadings (unless believed naccurata)
and typical unit sludge production values for the
existing wastewater treatment processes (17). Typical
unit sludge production values for various processes
are shown in Table 2-7. For example, an oxidation
ditch removing about 1,000 kg BODs/d would be
expacted to have an average sludge production of
about 650 kg TSSd (1,000 kg BODsd x 0.65 kg
TSS8%g BODs removed).

When plant records include sludge production data,
the actual unit sledge production value should be
compared to the typical value, If a discrepancy greater
than 15 percent exists between these values, further
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Tabla 2-7. Unit Sludge Production Values for Projecting Table 2-8.  Siudge Concentrations for Projecting Sludge
Sludge Production From Suspended Growth Production From Suspended Growth P 5
POTWS —
kg TSE (shadgey Shudge Type Conceniration
Process Type kg BODy removed mpA
Astivaled Sudge wiPrimary Cladficaton oT Primary 50,000
Acivvaled Sludge wio Primeany Glanificaiion Actieated
Corprantional® 0.5 Aetem Sludga/Comentional 6,000
Exipnded Asration® 0.65 Agtum SludgeSxended Aeration 7800
Contact Stabilizalion 1.0 Ratum SiudgeiContact Stablization 8,000
Ratun Sludgetsmall plant with low SOR® 10,000
& Inciudas tapared asration, step feed, plug fow, and complebs mix Separals wasta hopper in sec. clarifiar 12,000

wilh wastewatar datenion imes <10 hows
b ncludes mddation ditch,

evaluation is warranted. |f actual plant data fall within
the 15 percent range, these data can be used for the
evaluation of sludge handling capability. & detailed
axample of calculating expected sludge production
and comparing it with plant data iz included in Section
2.3.5.

Often plant sludge production data is not refiable and
cannot be used to accurately assess sludge handling
capability. The most common causes of inaccurate
recorded sludge production are:

Excessiva solids loss over the final clarifier wairs
Inaccurate waste volume measuremant

Insufficient waste sampling and concentration
analyses

Inaccurate detarmination of BODg remavad

Using the unit sludge production valuas and projected
dasired BODs removals for the subject plant (desired
affluent BODs should meet effluent requiremants), the
expected mass of sludge produced per day can be
calculated. To complete the scoring of sludge
handling capability, the expected volume of shdge
produced per day must glso be calculated. Typical
waste sludge concentrations for activated sludge
plants are presented in Table 2-8 and can be used o
comvert the expectad mass of sludge produced per
day to the expected volume of sludge produced per
day.

Variations in sludge production velues have been
observed throughout the year, Additionally, operation
decisions to lower sludge nventories in the plant can
place increased requirements on the sludge handling
faciities. It is not uncommon for these variations to
raquira 125-150 parcent of the long-term average
5ludga production value (17). For this reason. & factor
of 1.25 is applisd fo the calculated sludge mass and
wplume values o ensure raliable capability under most
operational situations throughout the vear.

The capability of sach of the components of the
sludge handling process are evaluatad with respect to
itz ability to handle the calculsted sludge production

18
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# Ratums can often ba shul off ke shod periods o thicken weste
shudge in clarifiers with SORs less than 20 mAim3d (B00 gpdisq
).

based on curent loadings (the mass and volume
values adjusted by the 1.25 factor are used n this
evaluation)., Using this evaluation approach, siudge
handling "bottlenecks” can be identified.

Typlcal components found in activated sludge facilities
are: thickening, digestion, dewatering, hauling, and
dispasal. Guidelines for the capability evaleation of the
componants of the existing sludge handling processes
are providad in Tablas 2-9 and 2-10. The guidalines
provided in Table 2-9 are usad to compara’ axisting
facility capability to calculated sludge production. For
axample, an exist-ing aerobic digester with a volume
of 380 w3 (100,000 gal} in a plant with a calculated
waste sludge volume of 19 md (5000 gpd) would
have a hydraulic detention time of 20 days. This is
133 percent of the guidelines (15 days) provided for
asrable digostars in Tabde 2.9, Thus, this compo-nant
of the sludge handling process in this particular
POTW would have capability for 133 percent of the
calculated siudge production. If the aercbic digester
proved to have the lowest capability o handle the
calculated sludge production of all the components of
the sludge handling processes in this POTW, sludge |
handling capability would score 22 points (ntarpolated
from Table 2-8). The sludge handling capability
evaluation is dlusirated as part of the CPE axampls
presanted in Saction 2.3.8.

d. Suspended Growth Major Unit Process Analysis

A worksheat is presented in Appendix L fo facilitata
the suspended growth major unit procass evaluation.
Once individual major unit processes are evakuated
and given a score, these results should be recorded
on a summary sheet, as shown in Tabla 2-11, and
companed with standards for each major unit process
and the total plant, This analysis results in the subject
POTW being rated a Type 1, 2, or 3 facility, as
described in Section 2.2.1.1, The sum of tha points
scored lor aeration basin, secondary clarifier, and
sludge handhing capability must be &0 or above for the
subjact POTW to be designated a Type 1 facility.
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Furthermore, regardless of lotal points, the aerator
must score at least 13 points, the sacondary clarifier
at least 25 points, and sludge handling capability at
least 10 points for the plant to be considered Type 1.

if the subject POTW meats the criteria for a Type 1
plant, the evaluation has indicated that all major
processes have adequate capability for the plant to
provide desired performance. If the fotal is less than
&0 pointz, or if any one major unit process scores less
than its minimoem, the faciities must be designated as
Type 2 or 3.

The minimum criteria for a Type 2 plant are 20 total
points and zero for each individual process, If the total
s less than 20, or if any major process scares a
negative wvalue, the POTW must be considered
inadeguate and the plant designated as Type 3. Type
3 plants generally require major modifications before
they can be expected to mest secondary treatment
affluent limits.

Table 2-9.  Guidelines for Evaluating Capability of Existing
Sludge Handling Frooessas®
Parameters That Can Be Used
Process o Reprasent 100% of Aaguired
Sdugge Handling Capabdiby®

Gravity Thickeners

Primary Shudge 128 kg'miid (25 hidisg )

Activated Sludga 20 lg'maid {4 Ibwdisg [}

Single Stage
Two Slage
Dirying Bods
Machanicsl Deswalering
Single Unit
BMultiple Unils

Liquéd Sludge Haul
Shart Hal (<3 k)
Long Haul (> 20 ki)

S0 kg {10 Indisg 1)
40 kgimAd (8 Ihidisg fi)
75 kg'miidd {16 Inddisg f)

B0 kg'miid {10 Evidlen )
100 kg {20 s 1)
78 kil {18 livdisg )
128 kgima/d (28 Rt )

15 days' HDTe

40 days' HOT

30 days' combired HDT
Wiorel saason urmovar tima
30 howrs of operationtwasak

B0 hours o opesalioniwaak
{with ore unit cul of sesvios)

& wipsiday madrnum
4 wipaiday madmum

a Thase guidelines are not developad tn meat the proposad new
Fadaral sludge regulaiions.

b Capability of axisting wnit procasses should not be downgraded 1o
these vales f good operation and process parformance are

highar loadings. For exampe, il records appear
accurgte and show that all slwdge production has been
sutcasahlly thickanad in & pravty achvalad sudge fickensr for
e past wear 8l an average loading of 28 kgin¥id (8 Ridisg ),
the gdsting thickener shoud be considered o have 100% of
required capabiity. . )

SHDT = Hydraic delention time = Vaolume of digester + Voluma
of waste shudge calouatad o be produced.

149

Tahle 2-10.  Miscellaneous Unit Values Used in Evaluating
Slpdge Handling Capabiliny»
Tatal Crutpst
Digesler  Solids Sofds
HOTE  Reduction Conc.
days % mgA
Aerobio Dipesters Following 10 0 12,000
Extended Seration 15 20 15,000
[MCAT =20 d) 20 B0 17,000
=30 35 20,000
Aerobic Digesters Following 10 20 12,000
Converlional &, 5. 15 35 15,000
[MCRAT <12 d) =M 44 17,000
Anasrobic Digesters Tor 20 25 = ingit
Acivaiad + Primary, and 30 35 = ingut
Fizad Film + Primasy 49 48 = ingut
(Supernating Capobilty
Lisablay
WAS Volatle Solids Gontant
Cary, (MGRT <12 d) a0%
Ext. Aer. (MOCRT =20 4d) 0%

a Wahues In table are infended for usa in allowing an evalalion of
sludpe handing capabiity o procesd in the absence of available
plant data, Mary othar vanables can afiact the waluas of the
paramatars shown. :

BHDT = Hydrauio detention lime = Volume of dgester + Volume
of wasie sludge expected o be produced.

A suspended growth POTW that scored the following
during the evaluation of major unil processes would
meal the criteria for a Type 3 plant:

Prnts Poirls Requred

Scored Typei1 Type2 Typed
Agration Basin T4 13-30 D-12 =0
Secandary Clarifier =8 25-55 0-24 =0
Shudge Handling 10 10-30 -9 =0
Toisd 18 B0-115 -89 =20

The point system in Table 2-11 has been developed
to aid in asssssing the capebility of a POTW's major
physical facilities. lt_cann repla h varal
judament and experience of the evaluator, which
should be the deciding factor in _determining the
=1 ili f_faciliti i i
performance.

2.3.3.2 Fixed Film Major Unit Processes

Fixed film faciities covered in this manual include
thosa trickling filter plants using rock o plastic media
plus those using the RBC or activated bio-filter (ABF)
variations of the basic process. The unit process in
fixed film wastewater treatment plants that most
significantly affects capacity and performanca is the
"perator” portion of the plant (i.e., the amount and
type of trickling filter media, RBC media, etc.) Other
significant unit processes are the secondary clarifier
and sludge handling capability.
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Tabla 2-11. Suspended Growth Major Unit Process
Capability Evaluation
Peiite Points Required™
Seored  Type1 Type2 Typeid
Aeeafion Basin 13-30 0-12 =i
Secondary Clarar __ =888 0-24 =0
Eludge Handing I 2 ] <0
Tolal BO-115  &0-59 =20

" Each unit procass as wall as e overall points must fall in the
daosignated range for the plan 1o achieve e Type 1 or 2 rating,

a. Aaralor

Trick
An approach to develop “equivalency” is used lo
allow a comparable ewaluation of the potential
parformance capability of trickling filters of wvarying
media types. |t is not intented that this equivalency
h be used as a basis ign. The unit
surface area for common rock madia is typically 43
m&m?3 (13 sq fticu ft) (3). This information can be
used to convart data from trickling filters with artificial
media to roughly equivalent volumes of common rock
media. For example, 1,000 m? (3,500 cu ft) of a
plastic media with a specific surface area of 83 m2im?3
(27 sgq ft'eu ft ) i= roughly eqguivalent to [(BS/43) x
(1,000 m3)] or 2,090 m? {7,300 cu ff) of comman rock
madia. Unit surface area information for various madia
typas is generally available in manufacturers
literatura.

Using the equivalency calculation, BODg loadings can
be calculated for all types of media Loadings for
trickling filters are typically expressad as mass of
BODs per wvolume of media. The volumetric lpading
can be calculated using the equivalency calculation
prasanted above. Results can be compared with
criteria in Table 2-12 o compute a "score" for the
trickling filtar.

Ths capability of a trickling filker can be significantly
decreased if plugging cccurs. Ponding on the filter is
a common indicator of pluegging and can be due to
overgrowth of microorganism mass, disintegration of
the media, or underdrain blockage or demage. The
evaluator should inspect the filter in several places
{removing media where possible) to ensure that
ponding undemeath the upper layer of rocks is not
QCCUTirng.

RECs

Parameters for scoring RBCs are presented in Table
2-13 (18). The key parameters to be evaluated are:
BODs loading an the first stage and on the entire
system; number of stages provided; and whether or
not sidestraams fram anaerobic sludge treatment are
received, BODg loading used for evaluating RECs is

20
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Table 2-12. Parameters for Scoring Aerator Capability for
Trickling Filter POTWs

Ponls
Covered
Fibar or
Monfressing
Teamm.

Fragzing

Gurrant Oparating Condition Temp.b

EIO% Loading,
kg Dgfm¥d (Iwd,000 cu fipa
08 {10}
0.32 {20}
0.48 {30)
0.80 {80}
1.12 {70}

Hacirgl,lalbn. ratio o raw flows
B

B2 onl

11
Mara
Anparchic Sidestroams:s
Mot setumned o plant
Resurnad o wastawaler stream
ahead of tha TF:

Returnad 1o fiow agualization
farik ar priar ko primesy
clarifar

Redurmed direcly ahasd of TF

» Based on primary effluent and common fock medis having a
spacific suriace arpa of abowt 43 mddmd (13 8 Mou L

b Temperatues bakow freazing for mare than one monih

© Supematant from anasobic digesters or fliraedconcenirate rom
the dawalering processas following anserobic digestans.

(=R ]

-6
=10

soluble BODs (SBODg) per wnit of media. If data are
nat avallable, SBODs is estimated for typical domestic
wastewater as 0.4 of the primary effluent total BODg
(TBODg), If significant industrial contributions are
present in the system, SBODg should be determined
by lesting.

Surface area data for RBCs are generally avaiable in
rmanufacturers’ literature or in plant O&M manuals. K
these sources are unavailable or do not contain the
neaded information, the manufacturer’'s reprasantative
or the manufacturer should be contacted to obtain the
data.

First-stage media lsading is calculated by dividing the
mass of SBODs going to the first stage by the total
surface area of only the first-stage media. System
media lsading is calculated by dividing the total
S5B005 load to the RBCs by the total surface area of
agll RBC media. In most cases, the mass of SBODg
will ba the sama for these calculations, They should
only be different in plants where some of the SBODg
load is bypassed around the first stage.

ABFs

Paramaetars for evaleating ABF aerators are presented
in Table 2-14 (19). The key parameters are: biocell
BODg loading and seration basin detention time. A
criterion of lesser importance s recirculation directly
around the bioosell.
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Tabla 2-13. Parameters for Scoring Aerator Capability for

RBC POTWS? (T) .
Current Oparating Condilion Pointa
First-Stage Loading, g SBODg/mad (b, 000 &g
1Y
12 {2.5) 10
20 {4.0) i
29 (6.0) &
Syslem Loading o SB0Dym2d (kid,000 sq fi);
219 (0.6} 10
4.5 (100 ]
T3 (1.5 8l
Mumiber of Stages:
4 w
3 T
2 4
Ansarobic Sidestrosms:
Mot returnad o plant o

tanic or prar 1o primary clenifiar
Rledurmad diractly ahead of RBG

& |ncludes mechanical and air drive RBCs
b Supematant fram anesroblc digesiers or fillrate'concendrate from
the dewatering proctsses following anasrabic digesters.

Table 2-14. Parameters for Scoring Aerator Capability for
ABF POTWS (19)

Curmant Oparating Condition Pairis

Biccell BODg Loading, kg BODgm™0 (k1,000

cu fi)
1.6 {100} 18
2.4 {150} 10
2.8 {175} 5
3.2 (200) ]
4.0 (250) -5
4.8 [300) =10

Aaration Besin Deantion Time, hours: 20
4
a 15
2 12
1 5
075 0
s -1

Omypgen Avalability In Asration Basin, kg Oy

BODy to Biocell:
1.0 10
0.75 T
0.8 3
0.4 o
04 A5

Recirculation - Directly Around Bioced, retio to raw

flow:
11 3
Mone a

BODs loadings on the biccell are celculated in a
manner similar to trickling filter loadings: primary
effluent BODy mass  is divided by the wolume of the
biocall media. Asration basin detention time is
calculated in @ manner simiar fo actvated sludge
asration basin hydraulic detention time: the aeration
basin lquid volume is divided by the average daily

21
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wastewater flow. Sludge recirculation is not included
in this calculation. Typically, peak month daily average
flow for the most recant 12 months is used to ensure
that adeguate detention time exists to mest the
manthly avarage effluent requiremants.

Crygen availability in the asration basin of an ABF
plant is calcwated by dividing mass of cxygen transfer
capacity by the fotal mass of BODg applied to the
biocell. This is done because the removal attributed to
thie biocell versus that ccourring in the aeration basin
is not easdy distinguished. Most ABF plants provide
for recirculation directly around the biocell.
Recirculation is calculated as a ratio to raw flow
(typically, the peak month daily average flow).

b. Secondary Clarifier

Criteria for scofing the capability of secondary
clarfiers in trickling filter and RBC plants are
presented in Table 2-15. The calculations require that
waslewater flow rate and the clarfier configuration,
surface area, and depth ba known (see Seclion
2.3.3.1). For ABF plants, tha critena for suspended
growth secondary clanfiers presented in Tablas 2-4
and 2-5 ara more appropriate and should be used.

Talde 2-15. Parameters for Scoring Capability of Clarifiers
in Trickling Filters and ABCs"
Current Operaing Condilion Poinis
Configuration:
Cinzular with "donut” o inerior lsunders ]
Circular with wairs on waks 3
Rectangular with Z3% cowerod with launders 8
Recianguls wilh 20°% covered wilh laundars: ]
Reclangular with launder &1 ar near end =10
Burface Overllow Rate, midirdsd (godisg M
12 (300) 15
20 (500} 10
27 (550} 5
33 (800 1]
41 {1,000} -1
49 {1,200 A5
Dapih &l Wains:
4.7 (12) 5
3.0 (1) 3
2.1 (7) o

* For ABF plants, oritaria for suspended growth claifiars (Table 2-
4} should be used,

¢. Sludge Handling Capabilify

Criteria for scoring sludge handling capability
associated with fixed fim plants are presentad in
Table 2-16. The criteria for controllability in Table 2-16
are salf-explanatory, The capability of sludge handling
associated with fixed film facilities iz evaluated using
the same approach presentad in Section 2.3.3.1 for
suspended growth POTWs.

Different unit sludge production values are usad in
calculating expected sludge production from fixed film
faciliias, Typical unit sludge production values for the
varicus types of fwed film plants are summarized in
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Tabla 2-16, Criterla for Scoring Siudge Handiing Capability Table 3-18. Trickling Fiter Major Unit Progess Capability

for Flwed Film POTWS Evaluation
Currant Oparating Condiion Points Puints Paints Raquirad”
m-muam Soored  Type1 Type2 Typed
mpﬁm and volume coninol 5 -
hiebared voluma and hand sampling a il — W& en =0
Hand measwed volume and hand sampling 2 Sacondary Clarifiar 1730 018 <0
Sﬂlhéw virhumie mesasuranen] by band not a Shedge Handing 1030 o8 <0
ility= Tosal 45-B3 18-44 =15
125% of cafculated shudge proguction 25 N
100% of cabculated sludge production 15 Emch unit process as well a8 @e overall points must fall in e
75% of caloulaied sludge production 5 dagignated range Tor the plant 1o achiewe the Typa 1 or 2 rating.
50% of calculated sludpe production -1

Table 2-17.  Unit Sludge Produstion and Sludae  processes for the plant to qualify for a specific plant
m&tl?ﬂmvguﬁmﬁpwlﬁ1 g;':"“ type. For example, a trickling filter plant scoring the
- following would meet the criteria for a Type 1 facility

kg TSS (sdga) for overall points, aerator, and secondary clarifier, but
Process Type kg BODy ramoved would be classified Type 2 because of its score for
Trickling Filtar 0.4 sludge handling capability:
RBG 1.0
ABF 1.0
w Wﬂmﬁm. m Poirts Points Required
Pr-m-w * Ticking Filee 38,000 Scored  Typs 1 Typed Typed
Prmary + RBC 35,000 " Agrator” 21 17-23 0-11 il
$tuﬁmu, ;ﬂa*?l: m Secondary Clarifier 7 17-30 0-16 =0
20,040 Sludge Handing [ 10-30 09 <0
.HBF 10,000
Tatal 54 48-83 1824 <18

Tabla 2-17. A detalled example of calculating

expected sludge production and comparing it with

data is included in Section 2.3.5,

Table 2-18,  RBC Major Unit Process Capability Evalustion

Fregquently, secondary sludge from fixed flm facilities Painis Rsquied®

iz retumned to the primary clarifiers. Typical underflow Poirile

concentrations of the combined sludge from the Scored Typel Typa2 Typed
primary clarifier are shown In Table 2-17 as well as “ Aarsioe 14-30 013 Y]
sludge concentrations from the individual fixed film Secondary Clarilier 17-30 016 P
procasses. Slusga Harding 1030 08 =9

The guidalines presentad in Tables 2-9 and 2-10 can Tatal
ba used to help an evaluator assess the performancea

potential of existing sludge treatment and disposal " Each unit process ag well as the overall points mest fall in the
facilitias., 9 9 S0 designaled range lor thé plant to achiews the Typa 1 or 2 rating.

48-5 1647 | <15

d. Fixad Film Major Unit Process Analysis

Worksheats are presented in Appendices M, N, and O qupp 2,20, ABF Major Unit Process Capability Evaluat|
to facilitate the fixed film major unit process for Wty Evaluation

evaluation. Onee major fixed film unit processss are Piris Foints Required”
gvaluated, they should be summarized and comparad Scored  Typat  Type2 Typs3d
to standards for each type of fived film faciity. Tables = fuaratar® 15-48 0-14 20
2-18, 2-19 and 2-20 can be wsed for this purpose. Secondary Clarifier 2058  0-18 <0

This analysis results in the subject POTW being rated ~ ©o9® Handling WE 08 D

Typa 1, 2, or 3, as described In Section 2.3.3.1. Using Tote
thesa isbles, the subject plant must score the

80133 15489 <18

minimum number of points listed for each individual " Each wiit process as well a5 the overall paints must fall in the
process and the minimum number total points for all desianaled range for the pant to achieve the Type 1 or 2 raing.
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2.3.3.3 Stabilization Pond Processes

Stabilization pond treatment systems combine the
“agrator” function, secondary clarification, and sludge
handling into one unit process. Typical pond facilities
include facultative and aerobic systemns., Process
evaluation s based on the relaxed effluent limitation
for total suspended solids available for pond systems
(e.g.. 75 mglL effluent TSS for facilities less than 2
mgd capacity). o

a. Facultative Pond Facilibes

The parameters that are used for scoring the
capebility of facultative stabilization pond faciities and
the point system for scoring these parameters is
presented in Table 2.-21. To obtain the necessary
parameters, the evaluator must collect information on
wastewater flow, BODs strength, the minimum
average winter air temperature, pond dimensions, and
the type of flexibility provided with the facility.

Once data are aveilable on these parameters, the
following calculations should be completed by the
avaluator:

BODs Loading =  Influent BODy

+ Surface Area of All Ponds

{Influent BODs mass is typically the daily average
value for the most recant 12 months)

Total Pond Volume
+ Average Daily Flow

Datention Time =

{Flow is typically the daily average value for the
most racent 12 months)

To evaluats the possibility of short-circuiting, the
following ratios should be calculated:

Short-Circuiting Ratio =
Distance From Inlet To Cutiet
+ Maximum Pond DEmeansion

Langth-to-width Ratio =
Meaximum Pond Dimension
+ Mindmwem Pond Dimension

(The ratios for each pond should be calculated,
then these values should be averagad)

Whean the above calculations have been completed for
the subject POTW, the results are comparad to the
values given in Table 2-21 and appropriate points are
assigned each parameter, If the parameters for the
subject POTW fall between the walues listed,
interpolation is used to assign appropriate points.

Faciliti
The parametars used for scoring the capability of
aerobic stabilization pond facilities and the point
system for scoring these parameters are presented in
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Table 2-21. Paramelers for Scoring Capability of Facultative

Stabilization Pond Systems® (24,25)
Cwrant Oparating Caondition

W Air T, =18

s Loading, kg BODyhad (R

45 (a0}

67 (B0}

20 (B0}

112 (V0]

134 (03]
151 Pond Loading =101 kg BODyhsd (=90 kvae'd)
Dedention Tima, daya

30

Poirs

oo Gohono

20

15
Avarage Winter Alr Temgerature 0-15°C
BOD; Loading, kg BODghatd (ivacid):

11 {10}

22 (20)

4B [40)

BT {G0)

a0 {80} -
1at Pond Loadng =73 kg BODghad (=65 Ikactd)
Ditgmibion Time, dins

an

an

20

hom Sohomd

.n. i i Tamper Qe
BOD,; Loading, ky BOOgMas (Iofackd):

11 [10)

17 [18)

22 (20

34 (30}

45 [40)
15t Pend Loading =29 ky BODghaid [ > 35 Ibecid)
Drertendion Tirme, days

100

50

40

Mumber of Ponds in Sarlas:
3

bdom Lbhbhomd

2  Applies 1 # ponds in saries
1

Langth 10 Width Rato:
=2

1.5-2 Applies W length-to-width
<1.8
Raso of Inlet-Oulle Destance 10 Max. Pond Dimanson
[Ehrt Cirtuiling Faa):
=0.758
O.8-0.78
=05
Flaxibility ta Opermie in Serns and Parallet
Avalable 3
Mot Avalable o

Warighle Lewel Draw-O:
Availabbes a
Mot Avaitabla =3

pnawn hboo

fa @ ma

* Infarpoiate o nearcst whols number Betwean loadings lstad.

Table 2-22, They are similar to paramatars used to
evaluate facultative faciliies with the exception of the
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oxygen availability and mixing parameters. To obtain
the necassary parameaters, the evaluator must collect
information on wastewater flow, BODg strength,
oxygen transfer capacity, mixing energy, pond
dimansions, and the type of flaxibility provided with
the facility. With the exception of ccygen avaiability
and mixing energy, the calculations for these
paramatars are discussed in Section 2.3.3.3a. For
information on evaluating oxygen avaitability, refer to
Section 2.3.3.1.

Tabklp 2-22, Parameters for Scoring Capability of Agrated
Stabilization Pond Systems* (24, 25)
Currant Operaling Condon Prinis:
BO0y Loading, kg BODyhat (el
[basad on aarated ponds anly]
56 (30) 18
112 (100} B
166 {150} L]
224 {200} -5
280 (250) -0
Datantion Tima, diys
40 5
15 1]
i0 -5
Number of Ponds in Saries:
3 10
2 1]
i -10
Lengih to Widh Rato;
»3 2
1.8-2 ]
=1.5 -2
RAabo of Infat-Outlet Distance bo Max, Pond Dimension
(Shart Girouiling Ratak
>0.78 2
08075 ]
=05 -2
Ouypgan Avalability, kg Ophg BODy load: o
2.0 1
1.5 =}
1.2 1]
1.0 -8
a.a =10
Maxing Enrgy (seraled ponda only), KW1,000 m3
{hp'10% ga):
a8 5
2 {10) a
1(%) 11
Flaxibdity 40 Operats in Serdes and Pamlst
Availabla 3
ot Availabla 1]
Vanatla Level Draw-0ff Discharge:
Availabia 3
Peal Availaba -3

* Imierpolaie o nearest whale number batwean |oadings listed..

Tha mixing anergy parameter is calculated as follows:

Mixing Enargy =  Total Energy in Primary Pond
% Primary Pond Volume

(Total anergy includes energy used for asration and
rovixing)
Whan the above calculations have been complated for
the subject POTW, the results ara compared to the
values given In Table 2-22 and appropriate points are

assigned each parameter. If the parameters for the
subject POTW fall between the wvalues listed,
interpolation is used to assign appropriate points.

c. Stabilization Pond Process Analysis

A worksheet is presented in Appendix P to facilitate
the stabilization pond process evaluation, Once the
statslization pord process has been evaluated and
given a score, results should be comparad with the
categories shown in Table 2-23. This analysis results
in the subject POTW being rated a Type 1, 2, or 3
facility, as described in Section 2.2.1.1. The sum of
the points scored for a facultative pond systemn must
be 16 or above for the subject POTW to be
designated a Type 1 facility. For an aerobic pond
system the total points scored must be 21 or above
for this same ranking. if the subject POTW meets the

critaria for @ Typa 1 plant, the evaluation has.

projected that the facility has adequate capability
within the physical faciliies o achieve compliance
with the related definition of secondary treatment for
pond systems. If the total points for the facility are
less than 16 for a facultative pond system or 21 for an
aerobic pond system, the facility must be designated
as Type 2 or 3.

Table 2-23. Stabllization Pond Process Capacity Evaluation
Points Poarts Raeguired
Bcored  Type1 Type2 Type3d
Facultalive Faclilies =15 =15 =0
Asrobie Faciities =20 5-20 =5

2.3.4 Evaluation of Performance-Limiting Factors

ldentification of performanca-limiting factors should be
completed at a location that allows all potential factors
to ba dizcussed openly and objectively (e.g.. away
from the plant staff). The checklist of performance-
limiting factors presented in Appendix A, as well as
the guidelines for interpreting these factors, provide
the structure for an organized review of problems in
the subject POTW. The intent is to identify as clearly
as possible the factors that most accurately describe
the causes of limited performance. For exampla, poor
activated sludge operation may be causing poor plant
performance because the operator is improperly
applying activated sludge concepts, If the operator is
solely responsible for process control decisions as
wall as for testing for these decisions, the factor of
improper application of concepts should ba identified.

Often, operator inability can be traced to another
source, such as an O&M manuwal containing
inaccurate information or & technical consuitant who
provides routing assistance fo the operator. In this
case, improper application of concepts plus the
source of the problem (D&M manual or inappropriate
technical guidance) should be identified as
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performance-limiting factors, since both must be
corrected to achieve desired plant performance.

Whareas the checklist and guidelines in Appendix A
provide the structura for the identification of
performance-fimiting factors, notes taken during the
plant tour and detailed data-gathering activities
fincluding the complated forms from Appendix D)
provide the resources for identifying thase factors.

Each factor identified as limiting performance should

be assigned an "A," “B," or “C" rating as discussed -

in Section 2.2.1.3. Further prioritization is
accomplished by completing the summary sheet
prasented in Appendix B. Only those factors receiving
githar an “A" or "B" rating are priortized on this
sheet, Additional guidance for identifying and
prigritizing performance-imiting factors is provided in
the following sections for the general areas of
administration, design, operation, and maintenance,

2.3.4.1 Administration Factors

Budpeting and financial planning are the mechanisms
whereby POTW owners/administrators generally
implament their objectives. Therefore, evaluation and
discussion of these aspects is an integral part of
efforts to identify the presence of administrative
performanca-limiting factors. For this reason, early
during the on-site fieldwork, the evaluator should
schedule a mesating with the key POTW decision-
maker and the "budget person." This meeting should
be schaduled after the evaluator is familiar with the
plant.

Mearly every POTW's financial information is set up
differently =0 it helps to review the information with
the assistance of plant personnel to realistically
regrrange the lne items into categores understood by
the evaluator. Forms for collecting financial data are
prasented in Appendix D. Analysis of these data can
be supported by comparison with typical values for
wastewater treatment plants (16,20,21). POTWs with
flows greater than 88 L's (2 mgd) usually have
separate financial information for the wastewater
treatment facilities, Smaller POTWs often have
financial information combined with other utilities, such
as wastewater collection, water treatment and
distribution, or even street repairs and maintenance,
For this reason, it is often more difficult and time
consuming to assess the financial status for small
POTWS=.

Key POTW administrators should be identified and
individual interviews scheduled with them as
daseribed in Section 2.3.3.1. As a general rule, the
individual imterviews should ba held in an environment
that allows for open discussion.

The evaluastion of administrative performance-limiting
factors is by nature subjective. Typically, all
administrators verbally support goals of low costs,
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safe working conditions, good treatment performance,
high employes morale, etc. An important question that
the evaluator most ask iz, "Where does good
treatmant fit in?™ Often this question can be answerad
by ohserving the priorty of items implemented or
supported by administrators, The ideal situation is one
in which the administrators function with full
awaraness that they want to achisve desired
performance as an end product of their wastewater
treatment efforts. Improving working conditions,
lowering costs, and other similar goals would be
pursead within the realm of first achisving adequate
performance.

At the other end of the spectrum is an administrative
attitude that “we just rased the monthly rates 100
parcent last year, we can't afford to spend another
dime on that plant" POTW administration can be
judged by the following criteria:

Excallent: Reliably provides adequate wastewater
treatment at lowest reasonable cost.

MNormal: Provides best possible treatment with the
money available,

Paar: Spends as lttle as possible with no

correlation made to achieving adeguate
plant parformance.

Administrators who fall into the “poor" category
typically are identified as contributing to inedequate
performance during the factor identification activities.

Technical problems identified by the plant staff or the
CPE evaluator, and the potential costs associated with
corecting these problems, often serve as the basis
for assessing administrative factors limiting plant
parformance. For esample, the plant staff may have
correctly identified needad minor modifications for the
facility and presentad those needs to the POTW
administrators, but had their request urned down. The
evaluator should solicit the other side of the story from
the administralors 1o see if the administrative policy is
indeed non-supportive in correcting the problem.
Thera have been many instances in which operators
or plant superintendents have convinced
administrators to spend money o “comect” problems
that resulted in no mproverment in plant parformance.

Another area in which administrators can significantly,
though indirectly, affect plant performance is through
personnel motivation. A positive influence  exists if
administrators encourage professional growth through
support of training, tangible awards for inital or
upgrading certification, etc. i, however, administrators
giminata or skimp on essential operator traiming,
downgrade operator postions through  substandard
salaries, or otherwise provide a negative influence on
operator morale, sdministrators can have a significant
detrimental effect on plant performanca.
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2.3.4.2 Deslgn Factors

Data gathered during the plant tour, completion of
forms in Appendix [, and the completed avaluation of
major unit process capabiliies provide the basic
information needed to complete the identification and
pricritization of design-related performance-limiting
factors. Often, to complete the evaluation of design
factors, the evaluator must make fisld nvastgation of
the operational flexibility of the various unit processes.

Fiald investigations should be completed in
cooperation with the POTW operator. The evaluator
must not meke any changes unilaterally. Ay fiald
testing desired should be discussed with the operator,
whose cooperation should be obtained in making amy
neaded changes. This approach is essential since the
evaluator may wish to implement changes that, while
improving plant performance, could be detrimental 1o
specific equipment at the plant. The operator has
worked with the aquipreent, repaired past fallures, and
raad the manufacturers' literature, and is in the best
position to ascartain any adversa impact of proposed
changas.

Field inwestigation of process flexibility defnes the
limitations of the equipment and processes and also
promotes a better understanding of the time and
difficulty required to implement betier process control.
This is illustrated by the following discussion:

A d.4-Lig (0.1-mgd) extended asration facility has
airlift sludge return pumps that have been oparatad
to provide return rates of 200-300 percent of
influent flow rates. The evaluator desired to know if
retums could be held under 100 percent since this
would substantially reduce solids loading on the
final clarifier and patentially improve clarifier
parformance.

Discussions with the plant operator revealed that he
had previously tried to reduce the refum rate by
reducing the air to the airlift relurn pumps. The
operator abandoned the idea because the airlifts
repeatedly plugged overnight when left at the lower
ratez., The evaluator convinged the operator to
again try reducing the retun rate so that the limits
of return sludge flow confrol available could be
defined.

Air flow rate was initially reduced to produce a
raturn flow rate of 100 percent of incoming
waslewater llow as measured by a bucket and
stopwatch. The airlift return pumps plugged
completely in less than 2 hours. The return flow
rate was reset to 100 percent by increasing the
airflow substantially above the pravious satting. An
hour later the return flow rate was measurad as
220 percent. These resulis supported the
operator's contention that return flow rates could
not be controlled at reascnable levels.
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The air supply was again adjusted to provide a flow
rate halfway bebwean the current and the desired
rata. This setting allowad better control to be
axarcised, but pluggmng still occurred with axisting
sludge charactaristics at retum sludge flows of less
than about 125 percent. It was concluded that this
was the practical lower limit for return sledge flow
rata control with the existing facilities and sludge
character. To maintain a return sludge in the range
of 126-150 percent reguired frequent checking,
including an evening check not before asked of the
operator. In this manner, part - but not all - of tha
design limitation could be overcome with incraased
aperator attention.

Tha areas in a POTW that frequently require field
Investigations to determine process flexibility ara:

1. Suspended Growth Sysfams
e Control of return sludge flow rate within the
ranges prasanted in Table 2-5

& Control of aeration basin DO within the ranges
prasanted in Figure 2-2

# Sludge mags control by wasting expacted sludge
production (mass and volume) presented n
Tablas 2-7 and 2-8 i :

& Flow splitting to prevent unnacessary
ovarloading of individual process units

Figure 2-2.  Effect of aeration basin DO concentrations on
shudge settling charscteristios.

Bulk DO, mgil
4—

Tandency to Increase
Shidge Settling Fate

TE’IISEﬂL‘Jy 30 Distramss
Shugge Setling Ras

o o 1 1 1 1 1 |
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& Aygilable mode changes to provide maximum
uge of existing facilities:

- Step feed or contact stabilization when the
final clarifier appears to be a limiting wmnit
process

- Step feed when oxygen transfer is marginal

2. Trickling Flters
® Alternate disposal
digester supernatant

methods for anaerobic

& Ahility to controd sludge levels in clarfiers without
adversely impacting sludge handling facilities

® Recirculation to the filter without axcess
hwdraulic loads -on the primary or secondary
clarifiars

3. RBCs
® Altarnate disposal methods for anaerobic
digester suparnatant

& Ahility to control sludge levels in clarifiers without
adversely impacting sludge handling faciliies

# Ahility o redistribute individual stage loadings to
provide unit loadings within the ranges shown in
Table 2-13

4. ABFs
= Control of return sludge flow rates within 50-100
percent of influent flow

& Ability to waste a desired mass of sludge on a
daily basis

& Ahility to spread a day’'s sludge wasting over a
24-hour period, or at least an extended pariod of
tirme

e Ability to provide recirculation directly around the
beocel

& Ahility to mantain aeration basin DO at 2-3 mg/L

2.3.4.3 Operational Factors

Operational factors are those factors that relate to the
unit process control functions implemanted at a
POTW. Significant performance-limiting factors often
exist in these areas (16). The approach and mathods
used in maintaining process control can significanity
affact the performance of plants that have adequate
physical faciities. This saction provides guidance to
evaluators for identification and prioritization of
operational factors that limit plant parformance.

The evaluator starts collacting data for the process
control evaluation by identifying the key POTW person
far process control strategies implementad at the
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plant, The plant tour and data-gathering phasas also
provide opportunity to assess the process control
applied. In addition, the process control capability of
an operator can be subjectively assessed during the
major unit process ewvaluation. If an operalor
recognizes the unit process functions and theair
ralative influancas on plant performance, a good grasp
of process control is indicated. An approach to
evaluating process control is discussed in the
following sactons.

a. Suspended Growth Facility Process Confrol

The process controls that should be awvailable o an
pperator of an activated sludge facility are contral ak:
gludge mass, aeration basin DO, and retum sludge
rate. Techniguas and approaches to mproving thass
controls are presentad in Chapter 3.

Sludae Mass Cantrol
The activated sludge process removes colloidal and
dissolved organic matter from wastewater resulting in
a nel increase in the sledge solids in the system.
Control of the amount of sludge maintained in tha
systam by wasting (removing) excess sludge is a key
alement in controlling plant performance. All variations
of the activated sludage process require sludae mass
ntral_an i i In line with this

'l [l WASTING.
requirament, an operator who properly understands
activated sludge mass contral should be abla to show
the evaluator a recorded history of a controlled sludge
mass (e.g., records of mean cell residence time
[MCRT], mixed lgquor volatile suspended solids
[MLWVSS), plots of MLSS/MLYSS concentrations in the
aeration basin, total mass of sledge in the plant, etc.).

The following are common indicators that sludge mass
control ig not adequately practiced at an activated
sludge plant:

® A sludge mass indicator parameter or calculation
(MLWVSS, MCHT, total sludge units) is not obtained
on a routine basis (22). “FRoulina” would be at least
daily for an 88-L's (2-mgd) or larger plant and 2-3
fimes a weak for & 4.4-L's (0.1-mgd) plant,

Only a setted sludge test is usad to determine
wasling requiremeants (e.g., waste il the 30-minute
setied sludge volume in a graduated cylinder is
greater than 800 mlL).

The operator does not relate mass control to
control of sludge seiting characteristics and shudge
removal performance (i.e., sludge character).

Significantly less mass is wasted than calculations
indicate should be produced (i.e., the clarifiers lose
solids ower the weirs routinaly).

Poar performance persists and the mass of sludge
mamtzined provides an MCRT significantly out of
the rangas in Table 2-24.
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Tablp 2-24, Typical Mean Cell Residence Times for
Suspended Growth i3
Procass Type Typical MICAT
days
Cormeentional Aarafion 4-12
Extended Asration 20-40
Conlact Siabilzation 10-30

%ﬂ‘m Basin DO Cantral

a seration basin DO level is a significant factor in
promoting the growth of either filamentous or
zoogleal-type sludge organisms (23). Higher DO tends
to spead up or slow down the relative populations of
these major organism types toward primarily zoogheal.
Conversely, lower DO encourages the growth of
filamentous organisms and a bulky, slow settiing
sludge. A general guideline for relating sludge
charactaristics to DO concentration in an aeration
basin is presented in Figure 2-2. This information can
be used to avalusts the DO contral approach at the
POTW under study.

The following are common indicators that asration
basim DO control i3_not properly practiced at an
aclivated sludge plant:

s DO testing i not run roufinely on the aseration
basin. “Routine” ranges from daily for an 88-Lis (2-
mgd) or karge plant to weekly for a 4.4-L's (0.1-
mygd) plant.

& The oparalor does nol understand or use the
ralationship between DO and sludge character
{a.g., sludge settling is wery slow and DO is very
low, or sludge settling is very fast, effluent is turbid,
and DO ks vary high).

Return Sludoe Control
The objective of return sludge flow control is to

optimize sludge distribution between the asrator and
sacondary clarifier to achieve and maintain good
sludge characteristics. Thus, retumn sludgs flow rate
control should be used to maximize the sludge mass
and sludge detention time in the asration basins and
minimize the sludge mass and shdge detention tima
in tha clarifiers.

Tha following are common indicators that retumn
sludge flow rate control is not properly practiced at an
activated sledge plank:

* Ratumns are operatad outside the ranges (espacially
higher) indicated in Table 2-5 and Figure 2-3.

& The operator befieves that a high sludge blanket
condition in & final clarfier can be categorically
lowared by increasing the sledge retumn rate. (E.g.,
the operator doss not realize that increasing the
refurn siudge flow rate increases the solids loading
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Figure 2-3, Typical return sludge flow rates with various
clarifier surface overflow rates.
RAS Flow, % of
wagiewalar Sow
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ta the final clarifier and decreases the setting time
in the final clarifier.)
& MLSS concentrations fluctuate widely on a diumal
basiz, but return rates are not adjusted throughout
the day to account for diumal flow variations.

The operator has not devised a method to estimate
or measure the return sludge flow rate i
measurameant was not provided for in the onfginal
dasign.

b. Fixed Film Facillly Process Conleol

Thera is a lesser amount of process controd that can
be appled to fixed film facilties than to suspended
grawth facilites. However, because fixed fm facility
performance s so dependent on media loading,
procass control, which may at first seem unimportant,
can maka a significant differance in plant
perormance. The following are common indicators
that process confrol Bt a fived film facility is_not
optimum (1):

& Sludge blankels in either the primary or secondary
clarifiers are maintained at a high level [i.e, >0.3
m {1 ft)].

® Drganic loads from return process sireams are not
minimized.
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* Lack of good maintenance, indicated by:

- Distributors on trickling filters are plugged, or
leaky distributor seals are not fixed.

- Fiter media is partisglly plugged and measuras
such as chlorination, flooding, and recirculation
are not used to address the problem.

- Trickling filter underdrain collector outiets are
submerged or air vents are plugged.

® High recirculation, which increases primary or
secondary clarfier overflow rates, is provided
without regard to clarifier overloading, Some
trickling fitter plants provide recirculation that is
directed to the influent wastewater wet-well and
must pass through the primary clarfier 8 second
time. Likewise, some trickling filters provide
recirculation through the secondary clarifier sludge
return to the head of the plant, Recirculation
provided by these methods should not be
practiced.

2.3.4.4 Maintenance Factors

General information on POTW maintenance is
gathered during the detailad data collection phase and
is recorded on Form D-5. However, the evaluation of
maintenance perfoarmance-limiting factors iz done
throughout the CPE by observation and gquestions
concarning the reliability and service requiremeants of
pieces of equipment critical lo process contral and
thus performance. I units are out of service routinely
or for extended periods of time, maintenance
practices may be a significant contributing cause to a
performance problem. An adequate spare parts
inventory is essential o a good maintanance pragram.
Equipment breakdowns are often used as excuses for
procass control problems. For example, one operator
of an activated sludge plant blamed the repeated lass
of sludge over the final clarfier weirs on the periodic
breakdown of one sludge return pump. Even with one
pump cut of service, the retum sledge capacity was
over 200 percant of influent flow. The real cause of
the sludge loss was improper process control,
including imnadeguate sludge mass control and
excessively high return sludge flow rates.

Observation and documentation are nacessary
porticns of the approach utilized to evaluate
emargency and preventive maintenance practices.
Imporiant aspects are examination and verification of
spare parts inventories and recordkeeping systems.
An example approach to a preventive maintenance
scheduling systermn that has bean applied successfully
at several plants is presented in Appendix G. A good
preventiva maintenance program includes a schedule
to distribute the workload avenly. Evaluation of these
iterms provides a basis from which the specific results
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af .maintenance, or lack thereof, can be assessed.
This approach is illustrated by the following:

A poorly performing trickling filker plant was
assessed o have acceptable BODg loadings to the
filter, capable secondary clarifiers, and adequate
sludge handling facilifes. However, a large buildup
of sludge was maintained in both the primary and
secondary clarifiers. Questioning of the operator
revaaled that sludge was not removed adeguately
bacause the heated anaerobic digesters wers upset
if oo much gludge iz added. Further investigation
indicated that adequale temparature control of the
digaster contents was not being achieved. The
aparator pointed out that the boiler for the heat
exchanger was operated manually and just during
the day because he had fried unsucoessfully ta fix
the automatic controls. Ultimately, inadequate
maintenance was identified as a cause of poor
plant performancea.

The above discussion illustrates how a detailed
evaluation of process contral activities was necessary
ty properdy dentify 2 maintenance-related factor as a
causa of poor plant performance. The evaluator must
eviluate maintenance during all phases of the CPE
and should not expect to identify these factors solely
in a formal evaluation of maintenance procedures.

2.3.5 Performance Evalualion

The plant padormance evaluation is directed toward
two goals: 1) establishing, or verifying, the maonitude
of a POTW's performance problem; and 2) projecting
the lavel of improved treatment that can be expectad.

2.3.5.1 Magnitude of the Performance Problem

During the CPE, the evaluator should develop a clear
understanding of the performance problem associated
with the subject POTW. As a first step of ihis
assessment, racorded historcal performance data can
be used. These dala are available from copies of
NPDES permit reports in small POTWs and from
maonthly moenitoring summary sheets in larger POTWs.

Once historical data are reviewed, the evaluator
should attermnpt to verify the accuracy of the raported
pant perfarmance. |t should be stressed that the
purpose B not to blame the plant staff, but rather to
assist in identifying and substantiating the true
cause(s) of poor plant perlormancsa.

The evaluator can indirectly collect data to establish
authenticity of the monitoring results throughout the
CPE. For example, major unit processes are assessad
tor thair capability to achieve desired perfermance. fF a
POTW is rated a Type 3 plant (inadeguate major
process capability), reported axcellant effleent guality
should be suspect. If reported performance s
congistent with the results of the overall svaluation,
the validity and accuracy of the dsta are reinforced.
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Limitations of these comparisons are their subjective
nature.

Major test parameters critical for completion of the
CPE are influent BODs and flow. The evaluator can
roughly check both BODg and flow data by calculating
a per capita BODs contribution. Par capita BODg
contributions are ustally 0.07-0.09 kg (0.15-0.20 ib)d
for typical domestic wastewater. When estimating
BODs loads to a plant without actual data, or checking
reasonableness of existing plant data, loads from
significant industrial confributors must be added to the
caleulated per capita loads.,

Small sctivated sludge plants have been shown to
have the most varance betwesn historcal records
and actual performance. In small activated sludge
plants - such as package extended =eration plants,
contact stabilization plants, and oxidation ditches -
saveral days' or even an entire week's sludge
production can be lost as the result of sludge bulking
in several hours. Effleent TSS may be lags than 10
mg/L before and after bulking cccurs, but may reach
1,000-2,000 mgil while bulking. The operator has
ample opportunity batween bulking periods to collect
more than enough samples o meet parmit moniboring
requirements and indicate a good effiuent quality.

Another sampling procedure that can result in
nonrepresentative monitoring s sometimes seen in
fixed film facilities where performance degrades
significantly during peak daytime loads. Samples
collected from & a.m. te 10 am. may meast the
required compositing critaria (e.g., three samples at 2-
hour increments), but would probably indicate better
than owverall average effluent quality. Likewise,
samples collected from noon o 4 pm. may indicate
worsa than actual average affluent quality.

To verily good data or determing the magnitude of a
performance problem, a comparison of expected vs.
actual sludge production should be made during the
CPE. This comparison has proven invaluable in
conducting a CPE and is termed a Sludge
Accountability Evaluation. A detsiled example of this
evaluation is presented,

a. Example Sludge Accountabilly Evaluation

A 44-Lis (1-mod) oxidation ditch activated sludge plant
is bring evaluated. The plant’'s NPDES discharge
monitoring reports indicate that the plant is in
compliance. Information collected during the CPE is
as follows:

® Tha plant operator felt the final clarifier was not
large encugh to capture all the solids during high
flows - he suggested that a flow equalization basin
be constructed.

The plant has 1 oxidation ditch, 2 final clarifiers, 1
chiorine contact tank, and & sludge drying beds.

an
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¢ The plant has limited infitrationfinflow (11) and no
gignificant industrial waste contribution. Ul cccurs in
the early spring, causing the highest average
monthly flow to be about 20 percent greater than
the annual average flow.

The City Clerk reportad that there were 3,520 taps
that ware billed quarterly.

The plant does not have return sludge flow
measuremant. Two constant-speed return sledge
pumps are available to return sludge to the
oxidation ditch. Both pwmps are being cperated at
full speed to “get the solids out of the clarifier and
back to the oxidation ditch.” The R/Q ratio was
estimated to be greater than 500 percent by
meaasuring the retumn sludge flow rate ulifizing draw-
down of the final clarifier. Raturn sludgs flow can
be reduced by adjusting a plug valve on the
discharge side of the pump, and by operating 1 of
the 2 pumps. It is difficult to operate the pump at
lower flow rates becausa the valve plugs with rags.

Excallent laboratory facilitios were available and the
oparators run 3l tests required by the MPDES
parmil. These include tests for: plant influent and
effluent BODs and TS5, plant effluent residual
chiorine; and fecal coliform. Oxidation ditch MLSS
tests are run once por week along with a settling
tast in a graduated cylinder to datarmina SVI.

The plant superintendent reported that he wasted
sludge to his drying beds when he had trouble
keaping the sludge in the final clarifiers.

The population of the community was estimated by
the Mayor to be about 8,500,

Influent plant flow was checked by measuring the
depth of flow in the Parshall flume and comparing
the calculated flow to the flow indicator. The
reading was within 10 percent of the measured
flow.

The plant superintendent said that he “filled up” all
of his drying bads “about 10 timas" last year.
There are 6 beds, sach measuring 100" x 50" x 18"
deep,

NPDES permit monitaring requirements and plant
affluant limits are as follows:

& Planl performance data are shown in the table
balow:

Plant Loading Evaluation

Plant loadings should be werified by comparizon. to
typical per capita contributions for domastic
wastewater, Since industrial loadings can significantly
affect this evaluation, plants where significant
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Permit Limits: Boniloring Reguramanis

ap-gay  T-day Sample
Paramoier . avg.  Froeguancy Type'
Influant BODg - . sonthly  Composite
Efuent BODy 30 mpll 45 mpfl  Meathly  Composile
Irfluent TSS . - Monthhy Compasite
Effwent TS5 30 mpl. 45 mpl Monthhy Compaosite
EMient pH 8.5-8 8.5-8 Weakly Grab
Fecal Cofiform 200 per 400 per  Monthly Grab

W3 mL 180 mb

" A composite semgle is dedined as baing comprised of & minimum
of 4 samphs colleabed 2 hows apard wilh the individusl sargle
wilume heing proporioned o plant Row.

Performance Data for Exampla
Sludge Accountability Evaluation

Paw Final Efflusnt?

Flow, B 45, BODy , THS5,
Dials mgd!  mgl?  mgl?  Load, Ib m mgil?
684 0TI ang 30 1,820 ] 10
T4 0LTE2 281 205 5,788 ¥ 12
arad4 0781 ary 232 1,758 3 m
arad 0720 274 180 1,645 7 12
e OLTeg 281 7 1,600 4 g
11/84 0747 228 241 1402 a9 10
1284 0715 23 187 1,377 7 9
1185 DLTER ar 215 1,158 1 a
2185 0.7 263 217 1,669 4 10
a/05 0LE13 203 245 1,363 T 14
485 [1R <= 173 98 1,383 11 18
585  OL.BBO 197 220 1,448 8 16
AN OL.7ES 237 223 1,534 T 12
! Flow recorded daily.
2Based on one composie samplaimonth, Composite sampling

wu=ually done on Thursday., Samples collecied at 8:00 am, 9:00
&m, 11:00 &am, and 1:00 pme influent B and TGS valuns may
b= high since this is the peak load pesiod of the day,

3 The operator reporad the need for liow equalization since, during
high Nows, some solids wena lost. Mo indication of sollds loss s
apparent in pland efMuent data,

Sourge of Data: Flant NPDES Moniionng Recoms

industrizgl contributions are known to be prasent
cannot be evaluated in this manner.
1. Popwlation Served (assume 2.5 persons'tap).

(2.5 parsons'tap) x (3,520 taps) = 8,800 peocple

Use sverage of reported population and estimated
population:

(8,500 + 8,800) + 2 = 8,650 people

2. Plant Flow Evaluation (assume 100 galcapita’d for
typical domestic wastewatar).

Projacted plant flow = 8,650 x 100 = 865,000 gpd
Measured plant flow = T83,000 gpd

Conclusion: measured plant flow appears to be within
expected range - therefore wuse actual plant flow in
avaluation.
3. Orgamic Loading Evaluation {assume 0.15-0.20 b
BODs/caplta'd for typical domestic wastewater - use
0.17).

Projected plant organic load = 86580 x 0.17
= 1,471 Ib BODg/d

Plant organic load from plant data = 1,534 Ib BODy'd
Conclusion: plant BODs data is higher than projacted
BOD but sampling is during peak load portions of the
day - use projected organic load.
Calculated infleent BODS:

{1,471) % (8.34 x 0.783) = 226 mg/L

Sludge Accountability Evaluation
1. Daterming anticipated sludge produciion.

BODs cone, removed = 225 - 7 = 218 mo/L

BODs mass removed 218 (0.783) (B.34)

1,424 I BODy/d

From Table 2-7, expected |b T3S (sludge)lb BODs
removed = (.65 for an oxidation ditch. Therefore:
Ewpected sludge = 0.66 (1,424) (365)
= 337,990 Ibvyr

2. Estimate Accounfed-For Sludge Wasted From
Piant.

Effluent "Waste Sludge™ = (0.783){12){8.34)(365)
= 28,602 ln/yr

Intentionally Wasted Sludge {operator said he filled
shudge beds "about ten times® last yaar):

Bludne bed valurme (B beds) (100%) (50') (18°/12)
45,000 cu it

Waste sludge volume = (10 times) (45,000) (7.48)
= 3,366,000 galyr

From Table 2-8, expected waste sludge concentration
s 7,600 mg/l. (Assume that return sludge flow can be
controlled within a reasonable range.) Tharefore:
Wasted Sludge = 3.366 (7,500) (8.34)
= 210,543 Ibiyr

Total Accountad-For Sludgea = 28,602 + 210,543
= 238,145 Ibfyr
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